Abstract -Crucial points for the ternary materials, as CdZnTe, for X and Gamma detectors are the transport properties related with bulk defect density and nature, and, on the other hand, the quality of contacts, surfaces with high defect density, hence strong recombination rate. The photocurrent technique allows both to study bulk material properties and to obtain contact quality information. From steady-state photocurrent spectra information were obtained about the bulk trap levels, about the kinds of contact layer defects, and on the distributions of electric field in the sample volume. By varying the bias, with constant wavelength, instead, we can obtain the value of transport parameters like the product mobility-lifetime ....t and the ratio S/...., this last one related to the contact surface properties of the sample. The authors exploit the peculiarity of this technique by studying planar samples, comparing the achieved results with the results from X and Gamma ray spectroscopy.
I. INTRODUCTION
The ternary compounds as semi-insulators materials have attracted much interest in the last years for high energy photon detection because changing the chemical composition it is possible to optimize the energy-gap width and minimize the leakage currents. Among these, the CdZnTe (CZT) is a promising candidate for the high-energy detection field due to the high stoppingpower comparable with that of CdTe, the low cost of large scale growth technique and the advantage to work at room temperature. To optimize the charge collection, great efforts are devoted to improve the quality of material modifying the growth technique and reducing the effects of impurity and structural defects. As recently showed by Zappettini et al. [I] , the Boron Oxide Encapsulated Vertical Bridgman technique allows to obtain CZT crystals of great interest as X-ray spectroscopic detectors operating at room temperature. With this method indium doped semi-insulator CZT ingots have been grown with large single grains and with resistivity values on the order of 10 10 Q·cm. The dislocation density is in the 10 3 +10 4 cm-2 range. The clearness and the homogeneity of this material is still M. Zanichelli is with Physics Dept., Viale G.P. Usberti 7/A, 43100 Panna, Italy (e-mail: zanichelli@fis.unipr.it) M. Pavesi is with Physics Dept. -Univ. of Panna and IMEM-CNR Institute,43100 Panna, Italy (e-mail: pavesi@fis.unipr.it) A. Zappettini is with IMEM-CNR Institute, Viale G.P. Usberti 37/A, 43100 Panna, Italy (e-mail: zapp@imem.cnr.it) L. Marchini is with IMEM-CNR Institute, 43100 Panna, Italy M. Manfredi is with Physics Dept. and CNISM, 43100 Panna Italy far from degrees reached for other compounds (Si, Ge) and the unwanted impurities, structural defects, and precipitates can introduce deep centers affecting the transport properties of the charged carriers. Further the troubles with the surface leakage currents and the noise of devices induced with the surface treatments, the electric contacts, and the amplification and filtration systems for the output signal are in progress. The steady-state photocurrent (PC) technique allows to obtain information about the bulk trap levels, the kinds of contact layer defects, and the distributions of electric field in the sample volume~by varying the bias, with constant wavelength, instead, we can obtain some transport parameters as the mobility-lifetime product Ilt and other terms related to the surface recombination. The authors exploit the peculiarity of this technique by studying planar samples and comparing the achieved results with results from X and Gamma ray spectroscopy.
II. EXPERIMENTALS
Steady-state (DC) photoconductivity measurements at room temperature were carried out on planar samples with illuminating photons in the range 200+1600 nm. The parallelepiped samples with gold contacts deposited by evaporation on the opposite surfaces with dimension of 5x5 cm 2 , have thickness of about Imm. They were cut from 2-inch CdZnTe crystals grown, starting from 7N elements, by Boron Oxide Encapsulated Vertical Bridgman technique with a growth rate of about I mm/h and using a thermal gradient of 10°C/cm. The crystals were grown with a zinc concentration in the melt of 10% and indium doping for achieving high resistivity. The dislocation density, evaluated after Nakagawa etching [2] on surface perpendicular to the (111) plane, is typically less than 10 4 cm- 2 and impurities have been analyzed by Glow Discharge Mass Spectroscopy. The impurity present with larger concentration (lower than I ppm), in the same order of magnitude of the concentration of the dopant (In), is boron from encapsulant. The material resistivity was measured by currentvoltage (I-V) characteristics as reported in [3, 4] and evaluated around 10 10 Q·cm on planar samples passivated before metallization to minimize the surface currents. On the same samples the DC photocurrent analysis has been developed. The experimental apparatus consists of a light source system ORIEL Mod. 66882 screened and focused with electrons drift towards the anode contact. On the other hand, for positive bias the contribution is mainly due to holes. 
III. RESULT AND DISCUSSION

A. Spectra/features
The photocurrent spectra at V=±200V are shown in Fig. 2 . The range of the incident photon energy was divided in three regions: I) a high energy region (200+700nm) in which it can be found the contributions from high energy CZT band levels or surface oxides, II) the CZT gap region around 800nm, III) a low energy region (900+1600nm) characterized by shallow and deep levels of CZT or other unwanted complexes.
The comparison between spectra at negative and positive biases for the same sample highlights a different charge collection mechanism. The low penetration depth of photons in the region II yields pairs of carriers with opposite charge mainly near the illuminated surface. Holes and electrons contribute in a different way to the photocurrent and the weight is proportional to the length of path covered in the device [7] . For negative bias applied to the illuminated side of the detector the photocurrent is mainly due to the The higher mobility of electrons justifies the higher photocurrent signal in the first case. The spectrum at negative bias is characterized by an absolute maximum at 786 nm, ascribable to the gap transition as confirmed by transmittance measurements (not shown here), while in the region III it can be identified a wide and weak contribution to the PC spectrum above 1000 nm attributed to a wide sort of impurities responsible for deep centers, as predicted by the theory of the compensation [8] .
The region I shows instead a strong contribution to the PC spectra with a wide band and superimposed some localized transition below 750 nm, whose origin has been investigated by varying the incident photon flux.
In Fig. 3 the spectra for negative bias at different photon flux are shown. Suitable neutral filters were used to reduce the photon flux from the lamp and results for filters with optical density (00) 0.5 and 2.0 are reported in Fig. 3 , respectively in the left and in the right sides of plot. For comparison, in the spectrum of Fig. 2 no filters were used. The photocurrent in Fig. 3 has been normalized to evidence the weight of different parts of spectra and it is evident as the signal in the region I becomes dominant on decreasing photon flux. 
The wavelength of the absolute maximum of PC experiences a shift towards higher wavelengths of about 25 nm changing the bias from -200V to +200V. The shift is gradual or sharp changing sign of applied voltage for different samples and different photon fluxes. The displacement could be due to the combined action of low J. 1f hole product and penetration length of the light. At positive bias and photon wavelengths near 786 nm, the holes are mainly generated close to the illuminated surface and experiences trapping crossing the detector. So they generate a spatial charge that screens the applied electric field and reduces the current. A good current signal is obtained at higher photon wavelengths, when a significant fraction of holes can be generated deeper and reaches with higher probability the cathode contact. The peak of photocurrent in this case could be related with at the wavelength maximum for the convolution of transmittance curve and the electron-hole pair generation rate [12] . The theory explained by Franc et al. [13, 14] can be appropriate to describe this phenomenon in relation with sample's thickness, incident flux, energy of photons, and surface quality near the contacts.
It cannot be excluded effects related to the presence of traps involved in the transport of carriers. Works are in progress to highlight this topic by studying samples in different geometric configuration with respect to the incident light.
B. Photocurrent atfIXed wavelength
Varying the applied voltage at fixed wavelength and fitting the illuminated I-V curves with Many relation [5, 12] it is possible to achieve information about transport properties like J.1f and S/J.1 for electrons and holes. The hypotheses of Many's model are: 1) The electric field and the transport properties are constant in the varying the bias, as reported in CdTe [12, 13] , as a consequence of the space charge accumulated on deep levels at opposite polarities of the applied electric field. This model suggest a smooth change of the photoconductivity maximum as a function of the bias that is not observed in our samples. Data from photoluminescence measurements reported in literature could ascribe the peaks in the region I to oxides of Cd and Te [9] [10] [11] formed near the surfaces after the cutting and polishing processes. Similar information is confirmed by the behavior of photocurrent values as a function of negative bias in Fig. 5 , where the bias is reported as absolute value of the applied voltage. The curves are referred to the photocurrents at fixed wavelength (786nm and 700nm). The nearly linear behaviors are characterized by different slopes, indicating a further element to support the idea of saturation of surface states. As a final remark, the samples from different ingots and different slices of the same ingot show similar behaviors for incident energies below the energy-gap.
On the other hand, in the region I the spectra are characterized by a large variety of intensity values, even if the representative structure of curves is almost unvaried, as a confirmation of the variability in the surface quality with respect to the bulk properties. Finally, the spectrum at positive bias was analyzed in the light of recent works. As evidenced in Fig. 2 , the spectrum for positive biases shows an intense maximum at about 810 nm and only a wide broad band in the regions below and above the gap. This result could be justified by a shift of the gap transition on with a neutral filter with 00=2.0. The photocurrents are nonnalized to the maximum for comparison.
In Fig. 4 the ratios between the photocurrent at 786 nm (gap) and the value in the region III (deep levels below the gap) or the value in the region I (levels above the gap) are shown. It can be observed a different behavior on increasing relative photon flux: the ratio between gap and region I increases instead the other one is nearly constant. This result can exclude in the region I (above the gap) the presence of transitions from high energy sub-bands, but seems to suggest an effect of the saturation of superficial levels. As confirmed by measurements in plane transversal field configuration (illumination along the thickness of samples), the superficial levels have a minor weight if the illumination takes place far from the contacts (not shown here).
detector volume. It is important to note that the hypothesis of constant electric field, due to the Gauss law, involves the absence of spatial charge in the crystal; 2) the materials properties are not modified by the applied electric field; 3) the Many's relation was obtained for blocking contacts. Althought in our case this hypothesis is not tightly necessary, because the dark current was subtracted from the illuminated I-V curves to eliminate both the contribute of contacts and thermal generated carriers, nevertheless it is well verified like it has been shown by Zappettini et al. [3] .
The very important thing is that the measured photocurrent is of the same order of the dark current to not perturb too much the system and prevent the generation of spatial charge [Ref 3 ]; 4) the light absorption by the detector must take place very close to the illuminated electrode. The first three hypotheses are reasonably verified in our case once the spatial charge creation is prevented maintaining a low photon flux. As a consequence of the fourth requirement, the wavelength of the incident photons is important. As confrrmed by the fitting of a large number of curves, the optimal wavelength must be near the energy-gap because assures a good signal level and a higher absorption coefficient that limit the penetration length ofthe light in the material. The experimental data for incident photons at 786 nm wavelength are shown in Fig. 6 . Two experimental curves and related fittings referred to negative (circles) and positive (stars) applied bias. The values for the product J.lT and the surface recombination S/J.l for electrons and holes are obtained as the parameters of fitting for negative and positive biases, respectively, and reported in Table 1 with values obtained from X-ray spectroscopy evaluating the 22 keV line ofthe lO9Cd source. The comparison between the two techniques evidences a not perfect agreement due to the different excitation processes, but the values of electronic J.lT are very close. In the PC measurements the surface effects can be very important and can justify the lower value ofJ.lT. As shown in Fig. 6 , for curve with incident light at 700 nm (region I) the fitting worsens and the term of 220 surface recombination S/J.l increases with respect the other curve (Table 1) . It is noteworthy, the photocurrent techniques allows to evaluate the transport properties of holes, in addition to the surface features, while the X spectroscopy signal from these carriers is too low to be fitted. The data reported in Table 1 for PC measurements show as the surface recombination parameter S/J.1 for the holes collapses. This could be due to the fact that the electrons are faster than the holes and then are quickly extracted by the illuminated anode and the holes are involved in recombination processes with a very low probability. Studies ad different photon fluxes are in progress to identify the effects of weight of surface quality.
IV. CONCLUSIONS
Transport properties of suitable planar detector based on CdZnTe have been measured and the results from different experimental techniques have been compared. The steady-state photocurrent technique allowed to evidence the presence of deep levels, as predicted by the compensation theory, and surface states highly involved in the charge collection. By varying the bias, at fixed wavelength ofthe incident photons, the transport parameters as the mobilitylifetime product J.lt and the surface recombination S/J.l for electrons and holes were obtained by fitting with the Many's relation. The good values of J.lt for electrons from PC and X-ray measurements are very close and the discrepancies were attributed to the surface effects unavoidable in the fITst technique. Data from this analysis give numerous suggestions to improve the quality material and the detector performance.
